Feline oral squamous cell carcinoma (OSCC) is the most common oral tumor in cats. There is no effective treatment, and the average duration of survival after diagnosis is only 2 months. Feline OSCC is frequently associated with osteolysis; however, the mechanisms responsible are unknown. The objective of this study was to characterize the epidemiology and pathology of bone-invasive OSCC in cats and to determine the expression of select bone resorption agonists. In sum, 451 cases of feline OSCC were evaluated. There was no sex or breed predisposition, although there were more intact cats in the OSCC group compared to the control group. Gingiva was the most common site, followed by the sublingual region and tongue. Cats with lingual OSCC were younger (mean, 11.9 years) compared to cats with gingival OSCC (mean, 13.6 years). In addition to osteolysis, there was periosteal new bone formation, osseous metaplasia of tumor stroma, and direct apposition of OSCC to fragments of bone, suggestive of bone-binding behavior. Eighty-two cases were selected for immunohistochemical detection of parathyroid hormonerelated protein (PTHrP). Specimens with osteolysis had increased PTHrP expression and nuclear localization, compared to OSCC without osteolysis. Thirty-eight biopsies of OSCC with osteolysis were evaluated for tumor necrosis factor a expression, and only 4 biopsies had such expression in a small proportion of tumor cells. Increased tumor expression of PTHrP and increased localization of PTHrP to the nucleus were associated with osteolysis and may play an important role in bone resorption and tumor invasion in cats with OSCC.
RANKL and are expressed in human OSCC. 29 PTHrP expression has also been demonstrated in a feline OSCC cell line. 33 OPG is a soluble receptor for RANKL and inhibits activation of osteoclasts. OPG is expressed at low levels in human OSCC. 6 TGFb 1 is a growth factor that has stimulatory and inhibitory effects on osteoclastic bone resorption and has been shown to be expressed by human OSCC epithelial cells 25 and stroma. 27 
Materials and Methods Biopsy Material and Patient Signalment
In sum, 451 hematoxylin and eosin-stained (HE-stained) tissue sections from surgical biopsies of feline OSCC were acquired from Veterinary Diagnostics Ltd (Columbus, OH), IDEXX Laboratories, Inc (Worthington, OH), and Clinilab, Inc (Valpariaso, IN) . Biopsies were submitted between 1998 and 2006 from 282 veterinary practices and practitioners from 11 states. In total, 309 cases (68%) were from Ohio. Tumors were assigned to the following anatomic locations based on information provided: tongue, sublingual (includes ventral tongue, frenulum, mouth floor), gingiva (includes tumors associated with teeth, mandible, maxilla, and jaw), hard palate, soft palate, tonsils, pharynx, larynx, buccal mucosa, lip, and not reported. Clinical history was summarized, including symptoms, size of tumor, and evidence of bone resorption. The breed, hair length (long, short, or undetermined based on reported breed), sex, and reproductive status (intact or neutered) of 389 cats ( 8 years of age) with OSCC were compared to 391 cats ( 8 years of age) that had tissue submitted to IDEXX Laboratories in 2005, regardless of diagnosis. Limiting the cases to this age group was performed to minimize the effect of age on neuter status, particularly in the control group, which included a greater proportion of immature cats compared to the OSCC group. The HE-stained tissue sections were evaluated microscopically to confirm the presence of OSCC and to determine the presence of bone in the biopsy material. Specimens were evaluated for evidence of new bone formation (high osteocyte density and woven collagen pattern), osteoclastic bone resorption (eroded bone surfaces with or without osteoclasts), and evidence of OSCC adhesion to bone (OSCC in direct contact with bone).
Immunohistochemistry for the Detection of Bone Resorption Mediators in Feline Tissues
Immunohistochemical protocols were designed for the detection of several candidate factors known to regulate osteoclastic bone resorption, including PTHrP, TNFa, IL-1a, RANKL, OPG, and TGFb 1 . The primary antibodies were polyclonal rabbit anti-human PTHrP (34-53, AB-2, Calbiochem, La Jolla, CA), polyclonal goat anti-human TNFa (R&D Systems, Minneapolis, MN), polyclonal goat anti-human IL-1a (R&D Systems), monoclonal mouse anti-human RANKL (clone 70525, R&D Systems), polyclonal goat anti-human OPG (R&D Systems), and polyclonal rabbit anti-human TGFb 1 (Santa Cruz Biotechnology, Inc, Santa Cruz, CA). The secondary antibodies were biotin-labeled goat anti-rabbit immunoglobulin G (IgG; Zymed, San Francisco, CA), biotinlabeled horse anti-goat IgG (Vector Laboratories, Burlingame, CA), and biotin-labeled horse anti-mouse IgG (Vector Laboratories). Feline skin served as positive control tissue for PTHrP and TGFb 1 ; mouse skin and feline ovary were also used for TGFb 1 ; feline mammary carcinoma, for TNFa; feline bone and lymph node, for RANKL and OPG; and feline lymph node, for IL-1a. A range of primary antibody dilutions were evaluated, ranging from 0.2 to 5.0 mg/ml for all antibodies except PTHrP (0.2 to 2.0 mg/ml), TGFb 1 (0.05 to 4.0 mg/ml) and RANKL (1 to 25 mg/ml). Blocking peptides for PTHrP (Calbiochem), TNFa (R&D Systems), and TGFb 1 (Santa Cruz Biotechnology) were preincubated with the primary antibodies (10:1, peptide:antibody) to determine the primary antibody specificity. Blocking peptides for RANKL, OPG, and IL-1a were not used, because these antibodies did not work on feline control tissues and further optimization was not pursued. Two forms of antigen retrieval were evaluated: target retrieval solution (Dako, Carpinteria, CA) at 95 C for 20 minutes, followed by room temperature cooling for 20 minutes, and digestion with 0.02 units/ml recombinant a2,3-neuraminidase (Calbiochem) for 60 minutes at room temperature. Specificity of secondary antibodies was evaluated by omitting the primary antibody from the protocol. Protocols that yielded signals on positive control tissue and those that demonstrated specificity of the primary and secondary antibodies were selected for evaluating feline OSCC specimens (PTHrP and TNFa). Positive and negative controls were run with all OSCC slides. Pancytokeratin (AE1/AE3) immunohistochemistry was performed on select tissues with evidence of OSCC adhesion to bone to confirm the direct apposition of tumor cells with the bone matrix; it was performed in the Histology and Immunohistochemistry Laboratory in the Department of Veterinary Biosciences.
Immunohistochemistry for PTHrP and TNFa in Feline OSCC Biopsies
Forty-four feline OSCC tumors with microscopic evidence of osteolysis were selected, as were 38 feline OSCC tumors without microscopic evidence or reported clinical history of osteolysis. Tissues were routinely processed, sectioned, and mounted on glass slides. Sections were dewaxed and rehydrated through stepwise washes of xylene and descending concentrations of ethanol followed by water. For PTHrP immunohistochemistry, antigen retrieval was achieved by neuraminidase digestion as described above. Endogenous peroxidases were quenched with a ready-to-use peroxidase blocking reagent (Dako) for 30 minutes at room temperature. Nonspecific binding was blocked with serum-free, ready-to-use protein block (Dako) for 20 minutes at room temperature. Protein block was replaced by PTHrP primary antibody diluted to 1 mg/ml in serum-free protein block. Tissues were incubated with primary antibody in a humidified chamber at 4 C for 16 hours. After being washed in phosphate buffered saline, tissue sections were incubated with biotin-labeled goat anti-rabbit IgG. The avidin-biotin-peroxidase method (Vector Laboratories) was then applied according to the manufacturer's instructions. Color development was achieved with Dako diaminobenzidine chromogen system. Feline skin served as a positive control. For negative control, the primary antibody was preadsorbed (4 C for 16 hours) with PTHrP blocking peptide before being applied to the tissues. TNFa immunohistochemistry was performed as for PTHrP except that antigen retrieval was achieved with heated target retrieval solution as described above; the primary antibody (or blocked antibody, for negative controls) was applied for 40 hours in a 4 C humidified chamber; the secondary antibody was biotin-labeled horse anti-goat IgG; and the positive control tissue was feline mammary carcinoma. Tissue sections were not counterstained. Slides were imaged using Nomarski bright field microscopy and black-and-white photography.
To determine if PTHrP was differentially expressed in the oral cavity by anatomic site, immunohistochemistry was performed on normal feline gingiva and lingual tissue collected from 12 cats during postmortem examination. All tissues were fixed in 10% buffered formalin, paraffin embedded, and sectioned at 5 mm before immunohistochemical evaluation.
Grading PTHrP Immunohistochemistry
Specimens that were evaluated using immunohistochemistry for the detection of PTHrP were scored on the basis of a subjective assessment of overall signal intensity in OSCC cells (absent, light, moderate, or heavy), proportion of PTHrPpositive OSCC cells (regardless of cellular localization; 0 to 24%, 25 to 49%, 50 to 74%, and 75 to 100%), and the proportion of OSCC cells with PTHrP-positive nuclei (0 to 24%, 25 to 49%, 50 to 74%, and 75 to 100%). The distribution of PTHrP intensity, cellular staining, and nuclear staining scores were compared between specimens with and without bone resorption. Only a small number of tumors with osteolysis demonstrated TNFa positivity (4 of 38) and in only a small proportion of cells (less than 5%). Comparison to tumors without osteolysis was not pursued, because evaluation of this bone resorption agonist in tumors with osteolysis was predominantly negative.
Statistical Analysis
Age and tumor site were displayed as histograms. Average age by tumor site was displayed as mean + standard error. Age of cats with lingual OSCC was compared to age of cats with gingival, sublingual, or other sites of OSCC using the t test when data were normally distributed (determined with the Shapiro-Wilk test) or the Wilcoxon rank-sum (Mann-Whitney) test when not normally distributed. The P value of .05 divided by the number of comparisons (3) was accepted as significant (P ¼ .017). Categorical data (breed, hair length, sex, neuter status, and PTHrP scores) were analyzed with the Fisher exact test. All analyses were performed with STATA 10 Intercooled software (Cary, NC).
Results

Epidemiology of Feline OSCC
Age was reported for 416 cats. The average age of cats with OSCC was 13 years (range, 1.5 to 22.0) but was not normally distributed (Shapiro-Wilk, P ¼ .00017) ( Fig. 1) . Gingiva was the most common location (51%) (Fig. 2 ). Forty percent of gingival tumors were specified as mandibular and 37% as maxillary. The locations of the remaining 23% of gingival tumors were not provided. Twenty-three percent of feline OSCC biopsies were sublingual and 11% were lingual. Tumors from buccal mucosa, hard palate, soft palate, larynx, pharynx, tonsil, and lip each represented 2% of the total. Anatomic location was not provided for the remaining 5%.
The average age of cats with lingual OSCC was 11.9 years old, younger than cats with gingival OSCC (13.6 years; P ¼ .0004, 2-tailed t test) and cats with OSCC from other sites (13.5 years; combined hard and soft palate, buccal, tonsil, larynx, pharynx, lip, and unspecified location; P ¼ .0094, 2tailed t test). Although cats with lingual OSCC were, on average, younger than cats with sublingual OSCC (13.0 years), the difference was not statistically significant when adjusted for multiple comparisons (Wilcoxon rank-sum, P ¼ .028) ( Fig. 3 ).
There was no significant difference in breed, hair length, or sex distribution between cats in the control group and the OSCC group (Table 1) ; however, there were more intact cats in the OSCC group (21%) compared to the control group (15%; P ¼ .015, Fisher exact test). Ulceration was the most common symptom reported (36%), followed by loose teeth (17%) and facial swelling (13%) (n ¼ 230). Average duration of symptoms was 5.2 weeks (range, 0.1 to 36.0 weeks, n ¼ 72). Average tumor size was 2.4 cm in diameter (range, 1 to 8 cm, n ¼ 32). Clinical evidence of bone involvement (radiography, tooth loss, clinical observation) was reported in 95 cases.
Pathology and Characterization of Bone Involvement
Thirty-seven percent of biopsies contained bone. Of bonecontaining specimens, 87% had evidence of bone resorption, 46% had evidence of new bone formation, and 49% demonstrated direct contact of OSCC cells with eroded bone surfaces, suggestive of OSCC adhesion to bone. Identification of new bone was based on high osteocyte density and woven collagen pattern, in contrast to the low osteocyte density and lamellar collagen pattern characteristic of mature cortical bone. In some cases, new bone was organized in a radiating pattern of trabeculae extending from the surface of mature bone consistent with reactive periosteal new bone formation (Figs. 4, 5) . In other specimens, immature bone existed as irregular spicules within dense bands of fibroplasia between nests and islands of OSCC, interpreted as tumor-induced metaplastic bone formation (Figs. 6, 7) . Bone resorption was characterized by eroded bone with irregular, scalloped surfaces ( Fig. 8 ) and occasionally with large multinucleated osteoclasts in resorption pits on the bone surface ( Fig. 9 ). In almost all specimens with new bone formation, osteoclastic resorption of the immature bone was observed. OSCC cells occasionally surrounded fragments of eroded bone ( Fig. 10 ) and were in direct contact with the bone surface with no intervening stromal cells ( Fig. 11 ).
Immunohistochemistry Optimization
RANKL, OPG, and IL-1a were not detectable in positive control tissues, and evaluation of feline OSCC specimens with these antibodies was not performed. The TGFb 1 antibody produced strong signal in feline skin, feline ovary, and mouse ovary, but specificity could not be demonstrated, because preadsorption of the antibody with TGFb 1 blocking peptide failed to block the signal; therefore, TGFb 1 was not evaluated in the feline OSCC specimens. The TNFa antibody produced strong cytoplasmic signal in feline mammary carcinoma (data not Figure 1 . Age distribution of cats with oral squamous cell carcinoma (OSCC). The average age of cats diagnosed with OSCC was 13 years (n ¼ 541), with a range of 1.5 to 22.0 years. Age was not normally distributed (skewed toward older cats). Figure 2 . Anatomic location of feline OSCC. The most common location of OSCC was gingiva (including tumors associated with teeth, mandible, maxilla, and jaw), followed by sublingual (includes ventral tongue, frenulum, mouth floor) and tongue. Figure 3 . Cats with lingual OSCC were younger than cats with OSCC of the gingiva and other sites. The average age of cats with lingual OSCC was 11.9 years old, younger than cats with gingival OSCC (13.6 years; *P ¼ .0004) and cats with OSCC from other sites (13.5 years; combined hard and soft palate, buccal, tonsil, larynx, pharynx, lip, and unspecified; *P ¼ .0094). Although cats with lingual OSCC were, on average, younger than cats with sublingual OSCC (13.0 years), the difference was not statistically significant when adjusted for multiple comparisons (Wilcoxon rank-sum, *P ¼ .028). shown), and the PTHrP antibody produced moderately intense cytoplasmic signal in feline epidermal cells ( Fig. 12 ). Both TNFa and PTHrP positive reactions were successfully blocked with their respective blocking peptides.
Expression of TNFa in Feline OSCC Specimens With Bone Resorption
The optimized TNFa protocol was used to evaluate 32 cases of feline OSCC with evidence of osteolysis. Twenty-eight cases (88%) of feline OSCC with osteolysis were negative for TNFa expression; the remaining 4 cases demonstrated positivity for TNFa in only 1 to 5% of tumor cells (data not shown).
Evaluation of additional biopsies with and without bone resorption were not performed.
Expression of PTHrP in Feline OSCC Specimens With and Without Bone Resorption
Overall, PTHrP was expressed in most OSCC cells in a diffuse, finely granular cytoplasmic pattern; however, a subset of PTHrP-expressing cells also demonstrated nuclear localization of PTHrP (Fig. 13 often demonstrated light to moderate staining; bone-lining cells, osteoblasts, and osteocytes in bone-containing biopsies were also PTHrP positive. PTHrP staining in postmortem samples of feline gingiva and tongue (Figs. 18, 19 ) was light to moderate intensity in epithelial cells. The distribution and intensity of PTHrP localization was scored and compared between tumors with and without evidence of osteolysis. Heavy PTHrP staining intensity was more common in feline OSCC with osteolysis, compared to OSCC without osteolysis (P ¼ .004, Fisher exact test, data not shown). PTHrP-positive tumor cells were more common in biopsies with osteolysis compared to OSCC without osteolysis (Fisher exact test, P ¼ .001) ( Fig. 20) . Eighty percent of OSCC biopsies with osteolysis had 75 to 100% PTHrP-positive cells, compared to only 39% of the OSCC specimens without evidence of osteolysis. Positive nuclei were more common in biopsies of feline OSCC with osteolysis, compared to OSCC biopsies without osteolysis (Fisher exact test, P < .0001) ( Fig. 20) . Forty-one percent of OSCC specimens with bone resorption had nuclear localization of PTHrP in 75 to 100% of OSCC cells, compared to only 8% of specimens without bone resorption. There was no statistical difference in epithelial cell expression of PTHrP between normal feline gingiva and tongue (postmortem samples) in terms of intensity, percentage positive epithelial cells, and percentage positive nuclei (Fisher exact test, data not shown). 
Discussion Epidemiology
The population of cats with OSCC in this study was similar in age (mean, 13 years; range, 1.5 to 22.0 years) and sex distribution (53.7% female and 46.3% male) to a cohort of 227 cats with OSCC reported in 1989 by Stebbins et al (mean, 12.5 years; range, 3 to 21 years; 55.5% female and 44.5% male). 30 Although female cats appear to be slightly overrepresented in these studies, there was no statistical difference between cats with OSCC and the control cats in this study. OSCC most often affects older humans; however, there is a clear sex association, with a male:female ratio of 2.0:0.1. 36 Most human cases occur in men older than 45 years who use tobacco and/or consume alcohol. 28 Whereas cats do not share the same risk factors as most human patients with OSCC (although some cats are exposed to environmental tobacco smoke in their homes), 2 they may have similarities to a small subgroup of human patients with OSCC who are unique in that they do not smoke or consume alcohol, they tend to be female, they have tumors of the oral cavity (as opposed to the oropharynx, a common site among people who smoke and consume alcohol), and they are older than patients who smoke and consume alcohol. Risk factors for the development of OSCC in this subgroup of human patients are unknown. 9 There was no significant difference in breed, sex, or hair length between control cats and cats with OSCC. These findings are similar to what Bertone et al reported in 2003, when they compared patient signalment and history between 36 cats with OSCC and 112 cats with renal disease. 2 Similarly, no breed predisposition was detected in the study performed by Stebbins et al. 30 Interestingly, our study demonstrated that there were more intact cats (regardless of sex) in the OSCC group than in the control group (21% compared to 15%). The reason why intact cats are overrepresented in the OSCC group is unknown, but it may involve either the influence of hormones such as estrogen and testosterone on the development and progression of OSCC or the role of other factors associated with neuter status, such as living indoors or outdoors, type of diet, and exposure to infectious agents and environmental carcinogens.
Cats with lingual OSCC were significantly younger than cats with OSCC of the gingiva and other sites, excluding the sublingual area; however, the reason for this is unknown. Lingual OSCC may progress more rapidly than OSCC of other sites in the oral cavity, or the clinical signs are more rapidly detectable in lingual OSCC, although this would mean that cats with gingival OSCC were living an average of 1.5 years longer than cats with lingual OSCC, which is highly unlikely given the aggressive and rapidly progressive nature of this tumor. It is more likely that lingual OSCC actually developed at a younger age, which suggests that the pathogenesis of lingual OSCC differs from that of other locations. Each bar represents 100% of biopsies in each group (with and without evidence of osteolysis). Each bar is subdivided to demonstrate the proportion of biopsies with 0 to 24%, 25 to 49%, 50 to 74%, and 75 to 100% PTHrP-positive cells or PTHrP-positive nuclei, as indicated. PTHrP-positive tumor cells were more common in biopsies with osteolysis, compared to OSCC without osteolysis (*P ¼ .001). PTHrP-positive tumor nuclei were more common in biopsies with osteolysis, compared to OSCC without osteolysis (*P < .0001).
We hypothesize that lingual epithelium differs in susceptibility to the development of OSCC, compared to other sites in the oral cavity. In humans with OSCC, variation in the expression of polymorphic xenobiotic metabolizing enzymes in oral mucosa, such as those of the cytochrome P450 family, has been implicated as a reason for increased individual susceptibility to oral cancer as a result of exposure to carcinogens in tobacco smoke. 36 Site-specific expression of xenobiotic metabolizing enzymes within the oral cavity has not been reported in cats or humans; however, a study by Robinson et al demonstrated that carboxylesterase activity in the oral cavity of mice varied, depending on location, with an apparent correlation between lesion distribution following exposure to a high concentrations of vinyl acetate (a carcinogen) and high carboxylesterase activity in different areas of the oral cavity. 26 Bertone et al demonstrated a 2-fold increased risk for the development of OSCC in cats exposed to environmental tobacco smoke. 2 Perhaps the expression of polymorphic and sitespecific xenobiotic metabolizing enzymes in the lingual mucosa makes some cats more susceptible to carcinogenesis, thereby developing OSCC of the tongue at an earlier age. Cats may be exposed to carcinogens in environmental tobacco smoke or other sources as they are deposited on the hair coat and introduced to the tongue through grooming. 33 
Pathology
The most common location of OSCC was gingiva (including tumors associated with teeth, mandible, maxilla, and jaw), followed by the sublingual region (including ventral tongue, frenulum, mouth floor) and tongue. These findings differ from reports stating that the sublingual area 11 and tongue 8 are the most common sites. This discrepancy may be due to differences in how tumor sites were classified; for example, Dorn et al did not have a site designation for sublingual tumors but did separate gingival tumors from those of the dental alveolus. 8 We did not designate dental alveolus as a site separate from gingiva, and we did not separate maxillary tumors from mandibular tumors.
Bone invasion was most commonly found in gingival OSCC, as expected given the close proximity of the gingiva to underlying bone. Bone invasion was characterized by osteoclastic bone resorption, new bone formation, and desmoplasia. A proportion of biopsies that contained bone demonstrated islands of OSCC surrounding, and in direct apposition with, the surface of eroded bone, suggesting that OSCC cells may be capable of adhering to bone. To our knowledge, OSCC adherence to bone has not been reported; however, human breast and prostate cancer cells have been shown to adhere to bone matrix in vitro. 15, 31 Carcinoma cells adhering to bone matrix was mediated by the interaction of integrin receptors on the tumor cells with collagen 1 15 and bone sialoprotein. 31 TGFb 1 , a growth factor stored in bone matrix and released in an active form during bone resorption, has been shown to stimulate prostate carcinoma cell adhesion. 16 Although certain carcinoma cells appear to adhere to bone, it is unlikely that carcinomas directly resorb bone. 10, 34 The significance of OSCC-bone binding is not known; however, exposed bone surfaces may serve as a scaffold upon which OSCC can migrate, much like perineural invasion. OSCC adhesion to bone may be particularly significant if it promotes tumor cell migration and proliferation, as has been demonstrated with human breast 31 and prostate cancer cells, 15 and so warrants further investigation to confirm the adhesion of OSCC cells to bone matrix.
Immature bone in feline OSCC occurred as interwoven, radiating trabeculae of periosteal new bone or as irregular spicules of metaplastic bone arising within tracts of tumorassociated desmoplasia adjacent to islands and cords of tumor cells. The induction of periosteal new bone formation is an expected event, resulting from activation of the periosteum during expansile and invasive growth of the tumor. In contrast, the formation of immature bone within areas of tumor-induced desmoplasia is likely the result of OSCC cells inducing the expression of bone formation agonists (eg, bone morphogenetic proteins, isoforms of TGFb 12 ) in the adjacent stroma, in conjunction with metaplastic transition of stromal cells from a fibroblastic to osteoblastic phenotype.
Expression of TNFa and PTHrP
A role for tumor-expressed TNFa in the pathogenesis of OSCC-induced bone resorption was not supported in this study, because only a few biopsies with evidence of bone resorption had detectable TNFa (4 of 32 biopsies) and in only a small number of cells. These findings are in contrast to the work of Shibahara et al, who demonstrated that TNFa expression was increased in cases of bone-invasive human OSCC; 29 however, a more recent study by Van Cann et al revealed that TNFa was not differentially expressed in human OSCC with and without invasion into the mandibular medullary canal. 35 PTHrP was detected in feline OSCC, with and without evidence of bone resorption, using an antibody directed toward midregion (34-53) PTHrP. Anti-PTHrP antibodies directed toward this epitope have been used to detect PTHrP in a feline OSCC cell line 32 and in various canine tissues (epidermis, myoepithelial cells of dermal apocrine glands, mammary gland, anal sac epithelium). 23 Staining intensity of PTHrP expression in OSCC cells varied from absent to heavy and was detected in stromal cells surrounding islands of OSCC, in osteoblasts lining trabeculae of new bone, in osteocytes, and in overlying oral epithelium. This staining pattern is not unexpected, because PTHrP is known to be ubiquitous in expression, 7 and PTHrP has been expressed by canine dermal fibroblasts, 4 canine prostate stromal cells, 4 mouse, 19 and canine osteoblasts 23 and in rat preosteoblasts and osteocytes. 24 Immunohistochemistry has been used to detect PTHrP in feline neoplasms, including lung carcinomas, a thyroid carcinoma, and lymphoma. 5 Additionally, an immunoradiomimetic assay for human PTHrP was used to detect elevated plasma levels of PTHrP in cats with humoral hypercalcemia of malignancy. 5 It is unknown if the increased PTHrP expression observed in feline OSCC with osteolysis is the cause or result of bone resorption. It is likely that both relationships are occurring. PTHrP is known to stimulate osteoclastic bone resorption by increasing the expression of RANKL in osteoblasts, which in turn leads to the maturation and activation of osteoclasts, resulting in bone resorption. Bone resorption leads to the liberation of activated growth factors from the bone matrix, such as TGFb 1 , in addition to the release of calcium. Both calcium and TGFb 1 can stimulate increased production of PTHrP. 17 In fact, TGFb 1 has been shown to increase PTHrP expression in a feline OSCC cell line, SCCF1. 32 The prognostic significance of increased PTHrP is controversial. On one hand, PTHrP expression in human colorectal cancer and gastric cancer correlated with depth of invasion and mestastasis. 21 On the other, PTHrP expression in human non-small cell lung carcinomas was associated with a survival advantage among female patients, and increased PTHrP expression has been associated with longer survival in patients with ductal mammary carcinoma. 21 The effect of PTHrP expression on prognosis in veterinary patients has not been studied.
PTHrP is capable of stimulating osteoclastic bone resorption by increasing osteoblast expression of RANKL and subsequent recruitment and activation of osteoclasts; it also stimulates bone formation by promoting the maturation and survival of matrix-producing osteoblasts. 17, 18 PTHrP expression in murine osteoblasts has been shown to be necessary for bone formation, 17, 19 and expression of PTHrP in human OSCC cells has been shown to induce the in vitro formation of osteoclasts by stimulating RANKL expression in murine osteoblasts. 14 It is likely that tumor-derived PTHrP had a stimulatory role in formation of new bone and osteoclastic bone resorption observed in the feline OSCC biopsies.
OSCC biopsies with evidence of bone resorption demonstrated an increased percentage of cells with nuclear localization of PTHrP. The significance of nuclear localization of PTHrP in feline OSCC with osteolysis is unknown, but it may support tumor cell proliferation, survival, adhesion, and invasion, as has been shown for human breast cancer cell lines. 3 PTHrP is known to localize to the nucleus and nucleolus during the G1 phase of the cell cycle, and it has been shown to inhibit apoptosis of chondrocytes and tumor cells. 17 Feline OSCC was most commonly located in the gingiva and frequently demonstrated bone involvement, as characterized by osteoclastic bone resorption, formation of new bone (periosteal new bone and metaplastic bone), and direct apposition of OSCC cells with bone, suggesting bone adhesion. OSCC expression of TNFa was not important to the pathogenesis of bone resorption, because only a small proportion of biopsies demonstrated TNFa expression in OSCC cells. In contrast, PTHrP expression was commonly expressed in OSCC biopsies with and without evidence of osteolysis. The proportion of PTHrP-positive cells and nuclei, in addition to overall staining intensity, was increased in tumors with evidence of osteolysis. These results support a relationship between PTHrP expression in feline OSCC cells and osteoclastic bone resorption; however, further investigation is necessary to determine the significance of PTHrP expression and nuclear localization in feline OSCC.
